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$q_{n}^{(m)}(\mathrm{o})=1$ , $p_{n}^{(m)}(Z),$ $q_{n}((m)z)$
. Hankel –
, [1]. Pade Laurent
Pad\’e $[1, 2]$ Hankel (
Toeplitz ) – .
Hankel Pad\’e – ,
, Pade\’e – . 1
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$n$
1: Pad\’e
, , $n-1$ , $n$




$\deg p_{n}(z)=n-1$ , $\deg q_{n}(z)=n$
. $\deg p$ $P$ , $O_{-}..(z^{k}..\cdot)$ $z^{k}$
.
$C_{i}(q_{n}(_{Z})f(Z))=0$ $(-n\leq i\leq-1)$ (1)
. $C_{i}(f(z))$ $f(z)$ $i$ .
$q_{n}(z)$













. $\mathrm{H}_{n}$ \mu o, $\mu_{1},$ $\ldots$ , Hankel
. ..
.
$f(z)$ \mu ’ \Phi (z)
$\mu_{i}=\Phi\sim(z^{\oint})$ , $i=0,1,$ $\ldots$
251
. (1)
$\Phi(z^{k}q_{n}l=0,$ $k=0,1,$ $\ldots,$ $n-1$
. \Phi (z)
$\Phi(q_{k}q_{n})=0$ , $k=0,1,$ $\ldots,$ $n-1$
, $\{q_{n}\}$ .
$\{q_{n}\}$ Lanczos .
$A$ $b,$ $\text{ }$ ) $\triangleright$
. $x_{0}$ $y$ . $.\text{ }$
$x_{n}$






$r_{n}\perp \mathrm{s}\mathrm{p}\mathrm{a}\mathrm{n}(y, A*y, \ldots, (A^{*})n-1y)$
. $A^{*}$ $A$ .
$\Phi(z^{k})$ $:=(y, A^{k}r_{0})$ , $k=0,1,$ $\ldots$ , (2)
,




$(p_{n}, q_{n})$ $(p_{n+1}, q_{n}+1)$ , $(a_{n}, b_{n})$ ,
$(g_{n}, f_{n})$ . – $(p_{n}, q_{n})$ $(p_{n+k}, q_{n+k})(k\geq 1)$
[3].
$=$
. $s_{k’ k’ k}^{(n)}t(n)(un),\mathrm{t}v_{k}n)$
$\mathrm{S}_{k}(g_{n}, fn):=$
252
$e_{2k}:=[0$ .. . $01]^{T}\in R^{2k}$
,
$\mathrm{S}_{k}(g_{n}, fn)\lceil s_{k}^{(n}t_{k}^{(n)})$ $u_{k}^{(n)}\dot{v}_{k}^{(n})\rceil=[e_{2k}h_{2k}(_{Z^{n}}f_{\eta})]$
. v$k(n)$ $v_{k}^{(n)}\text{ }\dot{\text{ }}$
$=$
.
$k=1$ Pad\’e – ,








$\mathrm{H}_{n}\neq 0$ , $n=1,2,$ $\ldots$






Hankel $\mathrm{H}_{n}$ $0$ , $k=1$
. near-breakdown
,
$\det \mathrm{H}_{n}=O(1)$ , $\det \mathrm{H}_{n+m}=o(1)$
253
$\det \mathrm{H}_{n+i}=O(\epsilon)$ , $i=1,$ $\ldots,$ $m-1$
, $q_{n}(z)$ $m$ .
\epsilon .
































$q_{n+1}=-\phi 1,nbn+(z-(\gamma 1,n-\phi 2_{;}n/\phi_{1,n}))q_{n}$
$f_{n+1}=-\phi_{1},ng_{n}+(z-(\gamma_{1},n-^{\psi_{2,n}}/\phi_{1,n}))f_{n}$
. ,




$\det \mathrm{H}_{n+1}/\det \mathrm{H}_{n}$ Hankel
. , $p_{n},$ $q_{n},$ $f_{n}$ $1/\det \mathrm{H}_{n}$ .









. Mathematica , $q_{n}$ $q_{n}^{*}$
$errq_{n}:= \frac{||q_{n}-q^{*}n||_{\infty}}{||q_{n}^{*}||_{\infty}}$
. – .
1 2 . $\mu_{i},$ $i=0,1,$ $\ldots$
:. 1, $1+\epsilon,$ $1-\epsilon\sqrt{3},1/2,1/2+\epsilon,$ $1/8,$ $-1/5,1/2,1/11,1/3,$ $-1/11$
. \epsilon $=10^{-5}$ . $n=1,\underline{9}$ . $q_{n+1}$
$b_{n},$ $q_{n},$





$q_{3}$ $b_{2}$ : $q_{2},$
$v_{1}^{(2)},$ $u_{1}^{(2)}$ , $q_{3}$
.
2 4 . $\mu_{i},$ $i=0,1,$ $\ldots$
1, $1+\epsilon,$ $1-\epsilon^{\sqrt{3},1,1},1/2,1/2+\epsilon,$ $1/4,1/8,$ $-1/5,1/2,1/11,1/3,$ $-1/11$
. $n=1,2,3,4$ . $q_{5}$
.






1 $-\infty$ $-\infty$ 0.0 0.0 $-4.4$ 4.1
2 $-12.6$ $-12.7$ 4.4 4.1 38 41
3 $-17.1$ $-7.3$ 0.3 $-0.1$ $-0.3$ 0.1
4 $-15.8$ $-7.6$ 0.3 $02$ $01$ $02$




1 $-\infty$ $-\infty$ 0.0 0.0 $-4.4\cdot 0.1$
$2$ $-12.7$ $-12.1$ .4.4 0.1 $-4.4$ 4.1
3 $-12.6$ $-11.9$ 4.5 4.2 3.8 4.1
4 $-12.6$ $-12.1$ 0.4 4.1 3.8 0.1
5 $-15.8$ $-7.5$ 0.3 $-0.2$ $-0.3$ 0.0




4 . $\mu_{i},$ $i=0,1,$ $\ldots$
$(-1)^{i+1}. \sum_{j=1}^{15}(j+\mathrm{o}.1)^{-i1}-+\sqrt{i}\epsilon$ , $i=0,1,$ $\ldots$
. . ..










1 $-\infty$ $-\infty$ 0.0 $\dot{0}.0$ $-4.4$ 0.1
2 $-12.7$ $-$ 4.4 0.1 $-4.4$ 41
3 $-12.6$ -4.5 423841
4 $-12.6$ -0.4 41380.1
5 $-15.8$ $-15.3$ 0.3 $-0.2$ $-0.3$ 0.0
6 $-15.9$ $-1\bm{5}.5$ 0.3 0.3 $-0.5$ 0.0
4:
$\log_{10}||errq_{n}||$ $\log_{10}||\cdot||$
2 $\cdot-16.6$ $-15.7$ $-15.7$ 0.5 0.0 $-1.9$ 0.0
3 $-14.5$ $-14.7$ $-14.7$ 19 $-0.2$ $-2.5$ 0.1
4 $-13.9$ $-13.9$ $-13.9$ 27 $-0.2$ $-3.3$ 0.0
5 $-12.8$ $-12.8$ $-12.8$ 34 $-0.9$ $-4.3$ 0.0
6 $-11.9$ $-11.9$ -43 $-0.9$ $-5.4$ 0.0
7 $-10.8$ $-10.6$ -5.5 $-1.7$ $-6.4$ 5.7
8 $-10.9$ $-10.1$ -654.0 5.0 5.7
9 $-11.3$ $-8.9$ -0.8 39410.0
10 $-12.3$ $-7.8$ $-12.6$ 0.8 27 3.0 0.0
















[1] G. A. Baker and P. H. Graves-Morris, Pad\’e Approximants 2nd Edition, Encyclopedia
of Mathematics and its Applications Vol. 59, G. C. Rota ed., Canbridge University
Press, New York (1994).
[2] A. Bultheel, Laurent Series and their Pad\’e Approximations, Birkh\"auser Verlag, Basel
(1987).
[3] W. B. Gragg and M. H. Gutknecht, Stable look-ahead versions of the Euclidean and
Chebyshev algorithms, International Series of Numerical Mathematics, 119, 231-260
(1994).
258
